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Electron lon Collider project (EIC) -> 2 options: Brookhaven National Laboratory (eRHIC)
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The eRHIC idea
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EIC‘eRHIC — eerrimentaI features
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EIC‘eRHIC — exeerimental features

Why EIC is unique:

Q5 - 30 GeV electrons on 75-250 GeV
(50-1006eV) protons (nuclei). Polarization
of electrons and protons (nuclei)

QYVMYO4

O Lumi: ~1034 cm-2s-1

B Solenoid

B Hadronic Calorimeter
[ EM-Calorimeter

@ ricH

Important for exclusive DIS:
 Dedicated forward instrumentation

- High tracker coverage B ety
« Very High lumi! Radbwn-beom e o

What are the detector requirements:

Important for exclusive diffraction:

* Hermetic Central Tracking Detector

* Good EM calorimeter resolution with fine granularity
* Preshower em cal = nt® background

* Very forward calorimetry

 Roman pots (and with excellent acceptance)
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Direct ‘tl measurement — Roman Pots

Accepted in“Roman Pot”(example) at s=20m
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* high-|t| acceptance mainly limited by magnet aperture
¢ low-|t| acceptance limited by beam envelop (~100)

¢ |t|-resolution limited by
— beam angular divergence ~100urad for small |t|
— uncertainties in vertex (x,y,z) and transport
— ~<5-10% resolution in t (RP at STAR)
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Direct ‘t| measurement — Roman Pots

Accepted in“Roman Pot”(example) at s=20m

RP at 20 m RP at7 m
10ﬁ_ Entries 66371 Q d I 100'_ Entries 68746
i nies uadrupoles [
- 5x100 GeV " acceptance | 5x100 GeV
' 50
50

'-._ - \ 100 from the /50

-50I:- a beam-pipe i

i I B Ll
AQPh %0 B0 0 50 100
X [mm] X [mm]

* high-|t| acceptance mainly limited by magnet aperture
¢ low-|t| acceptance limited by beam envelop (~100)

¢ |t|-resolution limited by
— beam angular divergence ~100urad for small |t|
— uncertainties in vertex (x,y,z) and transport
— ~<5-10% resolution in t (RP at STAR)
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‘2+1 I-Dimensional imaging of the Rroton

Open questions:
® PDFs do not resolve transverse coordinate

Goal: nucleon tomography! /

Proton imaging
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§ what is the spatial distribution of
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§ Possible window to orbital angular

\ momentum /
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Accessing the GPDs

) Dominated by H

slightly dependent on E

¢ — ¢ Angle btw the production
h and scattering planes

(I) — ¢ Angle btw the scattering plane R
r h and the transverse pol. vector

Requires a positron

—_— beam at eRHIC
(t) Dominated by H
2 slightly dependent on E
—t ]
AUT X 2 [F 2(t - Fl(t + ] sin(r 95
AM governed by E and H
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Deeply Virtual Compton Scatterin

VM (p, o, ¢, Iy, Y) DVCS (y)
Y v ' Y
M MWW S
IP
p Y
Scale: QZ + M? T — Q2

DVCS properties:

* Similar to VM production, but y instead of VM in the final state
* Very clean experimental signature

* Not affected by VM wave-function uncertainty

» Hard scale provided by Q?

* Sensitive to both quarks and gluons (via evolution)
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DVCS phase-space

Current DVCS data at colliders: 250 GeV
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Scanning the Ehase space. ..

Acceptance criteria
EIC lumi: » for Roman pots: 0.03< |t| < 1.5 GeV?

~10 fb1/year @ stage 1 — 5x100 * 0.01<y<0.85
~100 fb'l/year @ stage 2 — 20x250 *N<5>5

»BH rejection criteria (applied to x-sec.
measurements)
* yv<0.6
. (6e|—ey) >0
* E,>1GeV?; E>1GeV?

» Events smeared for expected resolution in t, Q?, x
» Systematic uncertainty assumed to be ~5%

» Overall systematic uncertainty from luminosity
measurement not taken into account

September 10-15, 2012 S. Fazio: DIFFRACTION 2012 - Puerto del .
Carmen, Lanzarote



§ganning thg Rha;g space. ..

EIC lumi:

~10 fb-l/year @ stage 1 — 5x100
~100 fb''/year @ stage 2 — 20x250

Q? (GeV?)

5X 100 -stage 1

102
- JLdt=10fb™
L 5GeVon 100 GeV
10:—
1 1 IIIIIIII 1 1 1 11
10° 10 10°® 102

XB

10"

10°

10*

< EIC will provide sufficient lumi

to

bin in multi-dimensions

< wide x and Q? range needed
to extract GPDs

102

20 X 250 — stage 2

fLdt =10 fb™"
20 GeV on 250 GeV

10° 10™ 10°® 102 10 1

.. we can do a fine binning in Q2 and W... and even in |t|
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do/d|t|

do ~ #evt
d|t| B Abin ° A. ‘E

- bt
~ €

b=5.6

| t|-differential cross section is a very
powerful tool

» Gives precise access to GPD H
» Fourier transform -> direct imaging in
impact parameter space ‘

"2

q(x,bz) ~ falte‘””%7

* |t]-binning —> 3 * resolution (or higher)
* Statistical error down to 1%

EIC lumi:
~10 fb!/year @ stage 1 — 5x100
~100 fb1/year @ stage 2 — 20x250
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do/d|t| - large |[t]

EIC lumi:
~10 fb'1/year @ stage 1 — 5x100
~100 fb'/year @ stage 2 — 20x250

Dependence at large-|t]| still unknown

Measurements possible also at large-|t]
with a sufficient precision

v

Very important to constrain GPDs

do
dt

— < Im(A)—=GPD H
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do/d|t]
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Asxmmetries

Unpolarized positron beam - beam charge asymmetry (Ac)
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The complex Amplitude can be accessed
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Asxmmetries

Beam Ion and transverse oIarlzatlon 9 beam helicity asymmetries (A, A
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Transverse target-snin asxmmetrx

| & EIC pseudo data Q2 =44 GeV?
20 GeV on 250 GeV xg=8.2104
0.5~ sLdt =100 fo-! t=-0.25GeV2 -]
;n .--\\‘;\Q ///,l/'/ - g,
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< AN \~\ <
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! RS - ] xg=82104 ]
"""""" ' t = -0.25 GeV?2
o 1 2 [ 4 5 6
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Different ¢ (rad)
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! in(@;4y)
Ayr * 2 Fz(t) —Fl(f + . sin(P;~py,
4M governed by E and H
Gives access to GPD E
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Imaging

_ o5l CSSTISIII HERALip it o5 |[c————1 Echt
%) L . HERA,exp.fit %) N\
< 20 "1 HERA+EICfit[] ~ 2.0f AN P
R\ 1 5_ \\\ R“ 1 5' \\\ =10
B N\ _3 B N Q’=4 GeV*
g N N x=10 g AN
= 1.0 N 0’=4GeV? B O N
R O. 5 L \i\\\ == S R 0-5 o
0.0 S——— : : :
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
—t [GeV?] —t [GeV?]

q(x,g,uz) = ﬁf:dﬁwo(‘l;‘\/H)H(x,n = O,t,uz)

» A global fit over all mock data was done,
based on the GPDs-based model:
[K. Kumericki, D Miiller, K. Passek-
Kumericki 2007]

» Known values g(x), g(x) are assumed for
H4, H9 (at t=0 forward limits E9, E9 are
unknown)

Impact of eRHIC:

v’ Excellent reconstruction of Hseq,
and H? (from do/dt)

v Reconstruction of GPD E
(connection to the orbital
momentum g-sum role)
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Imagin

I 2= HERA,exp.fit
1 HERA+EIC fit |

» A global fit over all mock data was done,

| [ EICfit based on the GPDs-based model:
[K. Kumericki, D Miiller, K. Passek-
x=10" Kumericki 2007]
0’=4 GeV?
] » Known values g(x), g(x) are assumed for
e Hd, H? (at t=0 forward limits E9, E? are
Y unknown)
2
~11GeV] Impact of eRHIC:

v’ Excellent reconstruction of Hseq,
and H? (from do/dt)

v Reconstruction of GPD E
(connection to the orbital
momentum g-sum role)
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® . \\ : ,,/,//// g \\\

0.0-/.// . . . ] 0.0k, . . e
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September 10-15, 2012

S. Fazio: DIFFRACTION 2012 - Puerto del
Carmen, Lanzarote

22



Imaging

4F \‘\ Coooooom=1 HERA, dip. fit | » A global fit over all mock data was done,
~ \ == 2= 12— HERA,exp. fit based on the GPDs-based model:
{6\) 3 1 HERA+EIC fit [K. Kumericki, D Miiller, K. Passek-
‘;« Kumericki 2007]
= 2F x=10"3
O 0’=4 GeV? > Known values g(x), g(x) are assumed for
T 1= - H4, H9 (at t=0 forward limits E9, E9 are
o unknown)
0 . . : ———
02 04 06 08 Impact of eRHIC:
—t [GeV?] v" Excellent reconstruction of H*¢,
and H? (from do/dt)
v’ Reconstruction of GPD E
(connection to the orbital
momentum g-sum role)
- 15k =10 //;:ii:\\\ UnpO/OFIZEd ] (\I,'_‘ 15k . =107 ’/’,j:///sis Polarized ] _ 8t 10 / gluons
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Imagin

44 (x=1073 b ,0*=4 GeV?) g (x=1073,b,0*=4 GeV?)

» A global fit over all mock data was done,

15l L [0.99 , 1.00] based on the GPDs-based model:
: e [0.97 ,0.99] vor . . :
i /,//Alﬁ;..h N [0.94 ,0.97] [K- Kun??r-ICkl, D MuIIer, K. Passek
1 spmEmESE L), 1090 ,094] Kumericki 2007]
y 'ﬁﬁu &\\ [0.80 ,0.90]
05+ | ( : A\ [0.70 , 0.80]
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05T _— y / [0:20,030] unknown)
/ [0.10,0.20]
_1t /// [0.05 ,0.10]
5 [0.02,0.05] ImPGCT Of eRHIC:
-1.5¢ = [0.01 ,0.02] .
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-15 -1 -05 O 0.5 1 15 -15 -1 -05 0 0.5 1 1.5
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v Reconstruction of GPD E
(connection to the orbital
momentum g-sum role)
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Imagin

qi:;'(x=10—3,3,Q2=4 Gev?)

gMsea(x=1073,b,0°=4 GeV?)

» A global fit over all mock data was done,

1l ] s [0.99 ,1.00] based on the GPDs-based model:
. [0.97 ,0.99] ewy o .o
[0.94,097] [K. Kumericki, D Miiller, K. Passek-
1F [0.90 ,0.94] svy .
020 0901 Kumericki 2007]
0.5 7 [0.70 ,0.80]
—_ [ [0.60 , 0.70]
g ws0.0s00 > Known values g(x), g(x) are assumed for
< ot 020 HA, He (at t=0 forward limits E9, E9 are
-05 [0.20,,0.30] unknown)
[0.10,0.20]
1L [0.05,0.10]
[0.02 ,0.05] ImpaC"' Of eRHIC:
15k 1 Shift due tO GPD E [0.01,0.02]
O .. ] vwm v Excellent reconstruction of Hsee,
-15 -1 -05 O 0.5 1 1.5 —1.5 —1 —0.5 0 0.5 1 05
by [fm] by [fm] and H? (from do/dt)
v Reconstruction of GPD E
(connection to the orbital
‘L momentum g-sum role)
sk x=107 /\ Unpolarized | T4k | x=107 /\ Polarized | I - Jo gluons
's by =0 fm - g by=0 fm T b, =0 fm LD
§ Q% = 4GeV? \>€a quarks = 0’ =4GeV? / fea quarks E sl 0= 4£eV2 /// \\\\
510 W10 / \ é 4 \i\\
DN e / \ o4 / \
= N // > / \\\\
3 05 § 05 / < l //
hc.‘ C@ = / \
S = {// J \:Fﬁ
0.0b— . . . . Pt 0.0b——", . . e o] P : . =
-15 -1.0 -05 0.0 0.5 1.0 1.5 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 -15 -1.0 -05 00 0.5 1.0 1.5
by [fm] by [fm] by [fm]
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All details and more to appear in:

Deeply Virtual Compton Scattering at a proposed
high-luminosity Electron-Ion-Collider

E. Aschenauer', S. Fazio', K. Kumericki?, D. Miiller '

! Physics Department, Brookhaven National Lab, Upton, US
2 Department of Physics, University of Zagreb, Zagreb, Croati
3 Institut fiir Theoretische Physik II, Ruhr-Universi

of such measurements for the phenomenological access of
distributions. In particular we give emphasize to the transverse
of sea quarks and gluons and show that such measurements will provide

srmation on the angular momentum sum rule.
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J/

104

BR(J/y — e*e”) x do/dt (pb/GeV?)

xy F(xy,by) (fm™2)

10 ¢

*n -
Yvi+p—=Jhp+p Y p >'l/'lpp
Ldt =10 fb™" . .
I5Gev on 100 GeV » pseudo-data generated using a version

0.16 <xy <0.25

10 GeV2 < Q2 + M2

2
J/1p<15'8 GeV

of Pythia tuned to J/\y data from HERA
»wave function uncert. (non-relativistic
approximation)
»mass provides hard scale
* Sensitive to gluons

.6 0.8 1 12 1.4
-t (GeV?)

16 * Both photo- and electro-production
can be computed

0.02

0O 02 04 06 08 1 12 14
b (fm)

10%E 100 10%F
- JLdt=10 b F JLdt=10fo"
I 20 GeV on 250 GeV L 5GeVon 100 GeV 10°
el 104 )
() (3]
3 3
1.8] ©) ©) 10°
s 10 10°a> 10
> =
+ +
o [3V]
(@] (@] 102
102
1.6
1 1 10
10° 10" 10° 10?2 107 1 10° 10 10° 10? 10 1
Xy BNL EIC Science Task Force  *v
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J/

104

BR(J/y — e*e”) x do/dt (pb/GeV?)

xy F(xy,by) (fm™2)

v¥+p—=Jhp+p

10 ¢

fLdt =10 fb™!
5 GeV on 100 GeV

0.16 <xy <0.25

10 GeV2 < Q2 + M2

2
J/w<15'8 GeV

-t (GeV?)

0.02

02 04 06 08 1 1.2 14 16

b (fm)

6 08 1 12 14 16

Y*p->J/P p

» pseudo-data generated using a version
of Pythia tuned to J/\y data from HERA
»wave function uncert. (non-relativistic
approximation)
»mass provides hard scale
* Sensitive to gluons
* Both photo- and electro-production
can be computed

© fLdt=101" © JLot=10f"
I 20 GeV on 250 GeV L 5GeVon 100 GeV 10°
—~ 10* ~
() (3]
> >
(0] [0)
© 0 10°
10 3210
> >
% 0y
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(6} (@] 102
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1 1 10
10° 10" 10° 10?2 107 1 10° 10 10° 10? 10 1
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J/

*p ->
4 v +p—>Jp+p TP .l/'lpp
—~ 10 T T T T
3 JLdt =10 b > do-d d usi .
g 20 GeV on 250 GeV pseudo-data generated using a version
= of Pythia tuned to J/\y data from HERA
s el »wave function uncert. (non-relativistic
o approximation)
1 10F 00016 <x,<00025 »mass provides hard scale
<) 15.8 GeV2 < Q2+ M2, <251 GeV?2 o
g | S * Sensitive to gluons
0 02 6 08 1 12 14 18 * Both photo- and electro-production
- V2
H(GeV can be computed
! | 003
° 10°  10°
< 5t 0.0 - JLot=10f" ° C JLdt=101b"
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35% 3t E E 10°
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J/

Distribution of gluons from
e+p—e+p+JY

10 < Q? + M9, < 15.8 GeV?

0.1
0.08
0.06
¢ 02 04 06 08 1 0.02
S 0
~—" 1.2 1.4 1.6
—~
_cl)— 01
S 4l 11 0.08 |
= 0.06
L . (?.01 6 <xy < 0:025 | . | . 0.04 |
5 31 0 02 04 06 08 1 \ 12 14 16 0.02 ¢
0
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0.1
1L 0.08
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. 0.0016 < x, < 0.0025 . 0.04
0O 02 04 06 08 1 0.02
O 1

1.2 1.4 1.6

by (fm)

. Fazio: DIFFRACTION 2012 -P [
September 10-15, 2012 S. Fazio CTION 2012 - Puerto de “
Carmen, Lanzarote



GPDs on nuclear targets

 How does the nuclear environment modify parton-parton correlations?
O How do nucleon properties change in the nuclear medium?

Nucleus at rest

Nuclear GPDs # GPDs of free nucleon

® Diffraction in e+p: ® Diffraction in e+A:
» coherent < p intact » coherent diffraction (nuclei intact)
» incoherent ¢ breakup of p » breakup into nucleons (nucleons intact)
» 15% of all events at HERA » incoherent diffraction

» Predictions: adiff/0tot in e+A ~25-40%

September 10-15, 2012 S. Fazio: DIFFRACTION 2012 - Puerto del .
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GPDs on nuclear targets

Exclusive VMP in e+A

" fLdt =10 foV/A o coherent - no saturation 5 g fLdt =10 fo-V/A o coherent - no saturation
107 g 1<Q%<10GeV? o incoherent - no saturation 10° 2 1<Q%<10GeV? o incoherent - no saturation
Fo x < 0.01 m coherent - saturation (bSat) - x <0.01 = coherent - saturation (bSat)
' - 'D IN(egecay)l < 4 e incoherent - saturation (bSat) - (= O IN(Kgecay)! <4 e incoherent - saturation (bSat)
= pP(€decay) > 1 GeVic o 41 pP(Kgecay) > 1 GeVic

> 103" Sues% > 10 =70 o =5%
9 E o O] C "o
Ko} - <
c -0 Q108 e
N— 2 o N— =
= S °
> o L) =
3 . - - = 102
+ " -
F) 10 2
< = 0 N
- C © 10
) O ﬁ? 1
T =
2 1 = <
: - 2 ]
o - = "
© -

0l 10 q) **W*ﬁ

10'27\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ 10'27\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\

0 0.02 0.04 0.06 008 0.1 012 0.14 0.16 0.18 0 0.02 0.04 0.06 008 0.1 0.12 0.14 0.16 0.18
It (GeV?2) I1tl (GeV?)

» Low-t: coherent diffraction dominates - gluon density

» High-t: incoherent diffraction dominates - gluon correlations * Coherent events identified by

vetoing nuclear break-up =2 measure
emitted neutrons in a ZDC

* rapidity gap sufficient to identify
coherent events

Important: need good breakup
detection efficiency to discriminate
between the two scenarios
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Summary

> A lot of experience carried over from HERA

»> DVCS can be used to drive the requirements for a dedicated new detector

> Simulation shows how an EIC can much improve our knowledge of GPDs

> A fine binning of x-sec and symmetries will be possible, uncertainties mostly
dominated by systematics

> Large potential for an accurate 2+1D imaging of the polarized and unpolarized

quarks and gluons inside the hadrons (and nuclei!)
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Summary

> A lot of experience carried over from HERA

»> DVCS can be used to drive the requirements for a dedicated new detector

> Simulation shows how an EIC can much improve our knowledge of GPDs

> A fine binning of x-sec and symmetries will be possible, uncertainties mostly
dominated by systematics

> Large potential for an accurate 2+1D imaging of the polarized and unpolarized

quarks and gluons inside the hadrons (and nuclei!)

Brookhaven National Lab - EIC Science Task Force

People: Elke Aschenauer, Thomas Ullrich, Thomas Burton, Ramiro Debbe, Jamie Dunlop,
Salvatore Fazio, Wlodek Guryn, Matt Lamont, J. H. Lee, Dieter Mueller, Hubert Spiesberger,
Marco Stratmann, Tobias Toll, Liang Zheng

Working groups: ep, eA, detector and machine design

Web-page: https://wiki.bnl.gov/eic/index.php/Main Page
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The RHIC site @ BNL

B .12 0'clock

e =

S ==l proposed”

3 BRAHK VI
RHIC e
v = 0.99995-c = 186,000 miles/sec s

——
PHICENIX
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(2+1)-D imaging of the proton

momentum & charge &
helicity dlS‘l'r‘lbUTIOHS current densities

[d’b, [d*k,
Fourier trf.
b, <> A =0

(xk) Fooby) o = Hx0,) ="

transverse momentum impact parameter generalized parton
distributions (TMDs) distributions distributions (GPDs)
semi-inclusive processes exclusive processes
N
I;E\X? K(/?f% [ dx [ dxx™
f(x) F(t) A, ()+48A, (D) +....
parton densities form factors generalized form factors
inclusive and semi-inclusive processes elastic scattering lattice calculations

3D picture in coordinate space

Di\gﬁgﬁ;m generalized parton distributions
W(x,r, k.) - exclusive reaction like DVCS and VMP
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Vector Meson Production
W & t dependences: probe transition from soft > hard regime

o)
[

—I_(I)—I—l_

g, s
s 10 e e— S £ ra*(eev) (@7 _ _j/lIJ d
‘;b 2 ./,-/‘:'_’:___." Q'=6.0 GeV* %102__ 24 M . '8 100F o Hi1 <Q2>2 - Y
10 % '//,_._- Q*=8.3 GeV* a E . : § A ZEUS 4 [GeV ] E ARABEBARRRE ‘-rv—v—v—rv—v—v—rv—v—v—rv—r—
_/.———-"""-—‘-_—‘ Q=135 GeV" K r ’T‘J"H 1Q i 32 E L | ; %F‘-Wlﬂf') E
o0l | © | 38 { = [ _ 4 ol o m T
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o p ZEUS 95 1 9 —-- i b
SIPZELE e . il ter MRT (CTE.Q6M) o :
;ﬁ:ﬂzzi'oo _: 0 100 300 G_""""""""""'"""""""_
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x Jiy H1 96-00

o~ W°
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MC simulation

Written by E. Perez, L Schoeffel, L. Favart [arXiv:hep-ph/0411389v1]

The code MILOU is Based on a GPDs convolution by:
A. Freund and M. McDermott [All ref.s in: http://durpdg.dur.ac.uk/hepdata/dvcs.html ]

v'GPDs, evolved at NLO by an indipendent code which provides tables of CFF
- at LO, the CFFs are just a convolution of GPDs:

WEQ N = E Iy [ e —x{E g |H (x50 1)dx

v'provide the real and |mag|nar'y parts of Compton form factors (CFFs), used to calculate
cross sections for DVCS and DVCS-BH interference.

do oy |1 I, : { NG }
dxdyd |11dgdg ~ 16x°Q" 1+’ e Lol = ey wm@m@ | T 2o coslnd)+ sl sinlo)
o= ¢y -9, m, ‘IDVCS‘Z _ nyz {cé)vcs + z[cfvcs COS(I’L(P) pvcs Sln( ¢)]}
- ® _¢ E= ZXE 6 3
Q T~ Py |f|2 _ xy3A2;1-(6¢)Tz(¢) {cé + Zc,{ cos(nq)) +s sin((p)}

vy 4o =exp(B(Q2)t) -> The B slope is allowed to be costant or to vary with Q2:

dl
v'Proton dissociation (ep — e 7 ¥Y) can be included
v'Other non-GPD based models are implemented like FFS, DD
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Data simulation & selection

Acceptance criteria The code MILOU by E. Perez, L Schoeffel,
L. Favart [arXiv:hep-ph/0411389v1]
° . 2
for Roman pots: 0.03< |t] <,O'88 Ge\( . is Based on a GPDs convolution by:
 for |t| > 1GeV2 detect recoil protonin main | A. Freund and M. McDermott

detector [http://durpdg.dur.ac.uk/hepdata/dvcs.html]
* 0.01<y<0.85GeV?
Cn<s Y 0.01 < |t| < 0.85 GeV? \

(Low-|t| sample)
* Very high statistics

» BH rejection criteria (applied to x-sec. measurements) - Systematics will dominate!

*y<0.6 * Within Roman pots acceptance
* (Bel-By)>0
* Eel>1GeV?; Eel>1GeV? 1.0 <|t| < 1.5 GeV?

(Large-|t| sample)
* Xsec goes down exponentially

* requires a year of data taking
» Systematic uncertainty assumed to be ~5% (having in * Main detector can be used in

mind experience from HERA) (ﬂeasuring |t] /

» Overall systematic uncertainty from luminosity Stage 1:5 X 100 GeV = ~10 fb1 (~ 10 months)
measurement not taken into account Stage 2: 20 X 250 GeV -> ~100 fb'! (~ 1 year)

» Events smeared for expected resolution in t, Q2, x

. Fazio: DIFFRACTION 2012 - Puert I
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DVCS - BH

do
drdyd |1 1dgdep Toves| +|as

#| Lo

DVCS cross section: BH becomes background -> must be removed
Uncertainty on proton form factor = uncertainty on BH xsec ~ 3% (at LO)

Asymmetry measurement -> BH is the vehicle to study interference term
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10 X 100 — GPDs conv.
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